1 6 Telephone No.: +44 (0) 115 951 4754 1 7 E-mail: penny.gowland@nottingham.ac.uk 1 8 Word Count: 3605 1 9 3 9 of baseline arterial and venous blood volume. These results will enhance the accuracy 4 0 and reliability of applications that rely on models of the BOLD response, such as 4 1 calibrated BOLD.
any offset signals due to imperfections between the selective and non-selective RF 1 3 8 inversion pulses. The application of a 90º pulse at the end of each TR simplified the 1 3 9
modelling as it ensured each tag/control acquisition is independent, removing the need 1 4 0
for an iterative fit of the data to be performed. The TR between inversion pulses was For the measurement of CBV tot , dual-echo GE-EPI images were acquired with For cycles 5 and 6, the visual stimulus was not presented and data from these cycles Difference images (computed from the subtraction of consecutive label and control 1 5 9 pairs) were calculated to give time series of CBF-and CBV a -weighted images. Average CBF and CBV a -weighted time series during the visual stimulus cycle were 1 6 1 then formed by averaging across cycles, accounting for jittering in the data relative to 1 6 2 the stimulus paradigm. The CBV tot datasets were realigned using the images acquired 1 6 3 at the first echo, and the motion transforms were then applied to the second echo data. In the analysis, four stimulus cycles prior to the contrast agent injections analysis. In all other aspects, this method is the same as in previous reports and Activated regions were generated for each subject using a correlation analysis 1 9 0 applied to the quantified CBF data; regions of interest (ROI) were defined based on 1 9 1 CBF statistical maps with a threshold p<0.01 (uncorrected). The coupling between CBF and CBV during neuronal activation was calculated 1 9 5
assuming the power law relationship between CBF and CBV tot , CBV tot coupling constant α tot (Grubb's constant):
We assumed a similar power law relationship, α a , between δ CBF and the fractional In the absence of direct measurements of CBV v , we estimated the fractional 2 0 9 change in venous CBV (δCBV v ) using a simple model of the vascular compartments. Changes in total blood volume were approximated as a volume-weighted sum of two 
where f a and f v are the volume fractions assigned to arterial and venous blood volume 10 assumed that f a + f v =1. The capillary volume is assumed to be distributed between the [5] weighted by the number of voxels in each subject's CBF-derived ROI (solid black 2 2 2 line) (see Table 1 ). CBV v coupling constant, α v , of close to zero. Group means and standard deviations in compartments. The results of this study will help to improve models of the BOLD 2 4 0 response [11, 26] . In turn this will enhance the accuracy and reliability of applications was not statistically significant. The coupling between CBF and CBV tot has been the target of numerous studies. The obtained in our study (0.65±0.24) is at the low end of this range, again perhaps 2 7 2 suggesting a steady state was not achieved using a short stimulus. However, further 2 7 3
data is required to investigate the effects of stimulus, species, and anaesthesia 2 7 4 differences.
7 5
This experiment did not allow a direct measurement of CBV v changes. In partitioning of the blood volume. The blood volume was assumed to be described by a quantitative BOLD technique. This technique is specifically sensitive to blood vessels 2 8 5
containing deoxygenated blood. Whilst this largely consists of blood within venous 2 8 6 vessels, it is also expected to include deoxygenated blood within the capillaries. Therefore, the arterial and venous compartments defined in this study might more 2 8 8 13 accurately be described as the oxygenated and deoxygenated compartments. Importantly, it is this deoxygenated blood volume that underlies the BOLD response 2 9 0 and best reflects the BOLD specific CBF-CBV coupling. Therefore, based on the properties of the parenchyma, rather than larger venous vessels more distant from the 3 1 2 site of activation. CBF ROIs have been shown to be more robust than a BOLD based 
